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STIMULATION OF HUMAN AXILLARY APOCRINE SWEAT
GLANDS BY CHOLINERGIC AGENTS*t
TSUYOSHI AOKI, M.D4
Notwithstanding the lack of convincing evi-
dence, it is commonly believed that the apocrine
sweat glands in the axilla of man secrete a liquid
sweat of the eccrine type, in responding to
cholinergic, thermal, or mental stimuli (1, 2, 3).
Recently, Shelley and Hurley (4, 5, 6), who made
a comprehensive study of the function of the
human axillary apocrine sweat glands, contended
that these glands respond neither to cholinergic
agents nor to thermal stimulation and that their
only function is to produce and discharge a small
amount of turbid, viscous material in response
to adrenergic or strong emotional stimuli.
The present paper deals with some pharma-
cological observations on the activity of the
axillary apocrine sweat glands. Attention is
largely focused upon the response of the glands
to cholinergic agents.
MATERIALS AND METHODS
The observations were made on 16 normal
young men aged 18 to 25 years. Nine of these
were American Negroes, 6 Caucasians, and one
Oriental Indian.
The sweat response was visualized with the
iodine-starch method of Wada-Takagaki (7, 8).
The axilla was shaved, cleaned with absolute
alcohol, painted with a 3% iodine solution in
absolute alcohol and allowed to dry. The area
was then coated with an emulsion of corn starch
and castor oil. Sweating was readily identified
by the appearance of black spots at the orifices
of the sweat glands.
The effects of the following drugs were studied:
acetylcholine chloride (Merck), acetyl-j3-methyl-
choline chloride (Mecholyl, Merck), carbaminoyl-
choline chloride (Carcholine, Merck), L-adrenal-
inc hydrochloride (Parke Davis, 1:1000 solution),
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isopropylnoradrenaline hydrochloride (Isopro-
terenol, Winthrop) and nicotine (K & K Lab-
oratories). All of these drugs were prepared in
sterile 0.9% saline solution in graded concentra-
tions just before each experiment and were in-
jected intradermally in a volume of 0.1 to 0.2 ml.
RESULTS
Eighty-eight tests were made with the
cholinergic agents. In 7 out of 9 Negroes and in 2
of 6 Caucasians, definite apocrine sweat responses
were obtained with acetylcholine and mecholyl in
concentrations of 10 to 10. The injection of
the cholinergic drugs usually caused fairly pro-
fuse local eccrine sweating, and some of the
eccrine sweat spots often appeared close to the
opening of the pilary canals. However, the ap-
plication of the oily emulsion on the skin pre-
vented to some extent the coalescence of sepa-
rate sweat spots by reducing their spreading rate
on the surface. Careful and repeated observations
with a stereomagnifier made it possible, particu-
larly in the early stage of the response, to dis-
criminate the eccrine sweat spots from the
apocrine sweat spots, most of which came in
sight just at the site of each pilary orifice, sur-
rounding the base of the hair. Fortunately, in 3
Negroes and one Caucasian of these subjects,
the eccrine sweating was very sparse in the center
of the cavum axillae, and there was almost no
difficulty in demonstrating clearly the droplets of
apocrine sweat (Fig. 1). In these subjects apocrine
sweating was induced with acetylcholine and
mecholyl in concentrations as low as 106 to 10.
Carcholine in concentrations of 10 to 106 was
also tested in these 4 subjects and all of the tests
gave definite apocrine sweat responses.
The apocrine sweat response to these
cholinergic agents could be usually detected
within one minute after their injection. The re-
sponse was always confined to the site of injec-
tion, although, when higher concentrations were
used, there was a spread of response around the
injection wheal. Control tests with physiological
saline solution were almost without sudorific
effects.
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Fin. 1. A: Axillary sweat response to intrader-
ma! injection of 10— mecholyl in a Negro subject,
and B: response to 10 acetylcholiue in a Canca-
sian subject. The black spots at the base of each
hair are apocrine sweat, and other small spots
scattered between the pilary orifices are eccrine
sweat. The arrows indicate the site and direction
of the injection. A, photographed 3 minutes after
injection, and B, 8 minutes after injection.
Individual sweat droplets produced by intra-
dermal injection of acctylcholine or mccholyl
were collected with a fine glass capillary tube
from 4 Negroes and 2 Caucasian subjects. The
sweat droplets collected at the sites away from
the orifices of hair follicles were always clear and
colorless and must bave been eccrinc in origin.
On the other hand, the sweat specimens collected
at the orifices of hair follicles were typical
apocrinc (5, 6), being white or yellowish, turbid,
viscous, and dried fairly quickly, forming a glue-
like mass in the capillary tubes (Fig. 2). If these
sweat droplets from pilary orifices were left intact
on the skin, they dried quickly and formed a
glistening, glue-like cap at each follicular orifice,
or a thin film on the perifollicular skin. Thus, as
far as could be seen in these experiments, the
sweat spots which appeared at the pilary orifices
Fin. 2. Eccrine and apocrine sweat collected
from the axilla of a Negro subject (A), and a
Caucasian subject (B). Both were obtained after
stimulation with intradermal injection of 10
acetyicholine. Note in both figures the marked
opacity iu the apocrine sweat in contrast to clear
eccrine sweat.
in response to cholinergic stimulation as shown in
Fig. 1 arc truly apocrine in origin.
In agreement with Shelley and Hurley (5, 6),
intradermal injections of adrenaline in concen-
trations of 10 to 10—6 were effective in producing
definite apocrinc sweat responses in all of the
subjects tested except one Negro, in whom the
spontaneous (probably emotional) eccrine
sweating was always so profuse that it was very
difficult to identify the local sudorific effect of
adrenaline. The sweat specimens collected at the
pilary orifices after adrenaline injection also
showed the characteristics typical of apocrinc
sweat as described above. Isoproterenol was
tested in 4 Negroes of the group. In one of them a
concentration of 10 gave a slight apocrinc sweat
response and in the remaining 3 subjects the
tests xvith 10 to 10 were largely ineffective in
causing apocrinc sweating.
The effects of atropinc sulfate (U.S.F.) and
dihydrocrgotamine methane-sulfonatc (DHE 45,
Sandoz) on the apocrinc sweat responses to
I 4 •;1. •
, 
: 
STIMULATION OF HUMAN AXILLARY APOCRINE GLANDS 43
acetyicholine and mecholyl were examined. These
drugs in concentration of 10 were injected in-
tradermally, and about 5 minutes later acetyl-
choline or mecholyl in 10 or 10 were injected
at the same site. There was almost complete
absence or strong inhibition of either apocrine
or eccrine sweating at the site which had been
injected with atropine, whereas DHE failed to
reveal any inhibitory effect on either ecerine or
apocrine sweat response to acetyleholine or
mecholyl. The control tests in which 0.9% NaC1
had been injected previously had no inhibitory
effect on the sweat response to subsequent injec-
tion of acetylcholine or mecholyl.
In one Caucasian and in 5 Negro subjects who
showed apocrine sweat response to cholinergic
agents, the effect of intradermal injection of
nicotine in concentration of 10—i or l0 was
examined. In the majority of cases apocrine
sweating was restricted almost entirely to the
injection wheal. However, in some cases a few
apocrine sweat spots were seen to appear some
distance away from the injection site, though the
response was not widespread as in the case of
eccrine axon reflex sweating in the forearm (9, 10).
A glass ring about 2 cm. in diameter was pressed
firmly on the axillary skin with a force calculated
to prevent the spread of the nicotine solution be-
yond the rim of the ring, and 10 or 10 of
nicotine was injected intradermally near, but
outside the ring, and in a direction tangential to
the ring. In 2 out of 5 tests several apocrine sweat
spots appeared inside the ring, together with the
spots on the injection wheal.
DIscussIoN
The apocrine sweat responses to the cholinergic
agents used here are due neither to the emotional
or pain stimuli which might be caused by intra-
dermal injection, nor to simple mechanical stimu-
lation of the injection per se, since the responses
were always confined to the injection site, and
control injections of normal saline solution gave
negative responses. Furthermore, the selective
inhibition of the effect of acetylchohne as well as
of mecholyl by atropine leaves almost no doubt
that these apocrine sweat responses are due to the
direct cholinergic stimulation of the apocrine
sweat glands. It has already been demonstrated
that cholinergic agents cause true secretory ac-
tivity of the apocrine sweat glands in the hairy
skin of the dog (11). Therefore, it is conceivable
that the apocrine sweat responses to cholinergic
agents in the human axilla are the results of true
secretion from the glands, though the possibility
cannot be entirely ruled out that such agents
might cause the contraction of the myoep-
ithelium, resulting in a squeezing out of sweat
already pooled in the sweat gland tubules.
The finding that the axillary apocrine sweat
glands in the majority of the subjects tested re-
sponded to cholinergic stimulation is discordant
with the observation of Shelley and Hurley
(5, 6). However, the sweat delivered from the
glands by cholinergic agents in our experiments
showed all of the characteristics of typical
apocrine sweat. These findings support the view
that human axillary apocrine sweat glands possess
only one function (5, 6), that of secreting small
amounts of viscid, turbid sweat, although the
studies are perhaps too limited to completely
deny the possibility that these glands are also
capable of producing an eccrine type of secretion
(1, 2, 3).
In the present study, no convincing results
could be obtained on the occurrence of apocrine
sweating by axon reflex in the human axilla,
though some of the tests with nicotine were sug-
gestive of such a possibility. It is almost fully
established that the initiation of axon reflex
sweating depends on the integrity of the periph-
eral sudomotor fibers (12). The cholinesterase-
containing nerve fibers associated with the se-
cretory portion of the human axillary apocrine
sweat glands have already been histochemically
demonstrated (13, 14). Furthermore, the author
(15) has recently confirmed an apocrine sweat
axon reflex induced by nicotine in the hairy skin
of Nycticebus coucang, a primitive primate, most
of the apocrine sweat glands of which are sur-
rounded by cholinesterase-positivc nerve fibers
(16). From these, it seems probable that the
apocrine sweat glands in the axilla of man can
also be stimulated by axon reflex mechanism. This
awaits further study.
sUMMARy
1. The responsiveness of apocrine sweat glands
in the human axilla to some pharmacological
stimulations was studied.
2. In the majority of the subjects tested, these
glands were found to respond not only to adrenal-
ine, but also to cholinergic agents such as acetyl-
choline, acetyl-fS-methylcholine and carbaminoyl-
choline.
3. The glands discharged a viscous turbid
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sweat, apocrine in type, regardless of whether
stimulation was adrenergic or cholinergic.
4. Isopropylnoradrenaline was largely ineffec-
tive in producing definite apocrine sweating.
5. Nicotine did not produce apocrine sweat
response of typical axon reflex nature such as in
the case of eccrine sweating, though some of the
tests were suggestive of the stimulation of apo-
crine sweat glands by the axon reflex mechanism.
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